Health and Economic Development I: Infant Mortality by Sagan, L.A. & Afifi, A.A.
Health and Economic 
Development I: Infant Mortality
Sagan, L.A. and Afifi, A.A.
 
IIASA Research Memorandum
August 1978
Sagan, L.A. and Afifi, A.A. (1978) Health and Economic Development I: Infant Mortality. IIASA Research 
Memorandum. Copyright © August 1978 by the author(s). http://pure.iiasa.ac.at/956/ All rights reserved. 
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted 
without fee provided that copies are not made or distributed for profit or commercial advantage. All copies 
must bear this notice and the full citation on the first page. For other purposes, to republish, to post on servers or 
to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 
HEALTH AND ECONOMIC DEVELOPMZNT I :  
INFANT MORTALITY 
* 
L.A.  Sagan 
* *  
A.A. A f i f i  
A u g u s t  1 9 7 8  
* 
L . A .  Sagan i s  A s s o c i a t e  D i r e c t o r ,  D e p a r t m e n t  
of E n v i r o n m e n t a l  M e d i c i n e ,  P a l o  A l t o  f l e d i c a l  
C l i n i c ,  P a l o  A l t o ,  C a l i f o r n i a .  
**  
A.A. A f i f i  i s  P r o f e s s o r  of B i o s t a t i s t i c s ,  
School of P u b l i c  H e a l t h ,  UCLA, L o s  A n g e l e s .  
F r o m  A u g u s t  1 9 7 6  t o  A u g u s t  1 9 7 7  both a u t h o r s  
w e r e  research scholars  a t  I I A S A .  
Research Memoranda are interim reports on research being conducted 
by the Inte~national I~istitute for Applied Systems Analysis, and as such 
receive only limited scientific review. Views or opinions contained 
herein do not necessarily represent those of the Institute or of the 
National Member Organizations supporting the Institute. 
'Illis work has been supported in part by the United Nations Environ- 
mental Programme (UNEP); however, UNEP bears no responsibility 
for the form or substance of the study. 
Copyright @ 1978 IIASA 
All ' hts reserved. No part of this publication may be Y repro uced or  transmitted in any form or by any means, 
electronic or mechanical, including photocopy, recording, 
o r  any information storage or retrieval system, without 
permission in writing from the publisher. 
PREFACE 
This  r e p o r t  i s  one i n  a  series by t h e  a u t h o r s  d e s c r i b i n g  
t h e i r  work on t h e  r e l a t i o n s h i p  between h e a l t h  and energy.  The 
s tudy  was c a r r i e d  o u t  a t  IIASA i n  1976 t o  1977 a s  p a r t  of t h e  
j o i n t  UNEP/IIASA p r o j e c t ,  The Comparison o f  Energy O p t i o n s :  A 
MethodoZogicaZ S t u d y .  Using c ros s - sec t iona l  a s  w e l l  a s  l ong i -  
t u d i n a l  d a t a ,  t h e  series examines t h e  r o l e  of economic develop- 
ment i n  improving h e a l t h .  The n a t i o n a l  d a t a  used h e r e  extended 
over  t h e  pe r iod  1900 t o  1975 and covered 99 pe rcen t  of t h e  world 
popula t ion .  The r e s u l t s  of t h i s  r e s e a r c h  a r e  d e s c r i p t i v e ,  b u t  
may be used i n  a  p r e d i c t i v e  manner f o r  energy,  educa t ion ,  and 
h e a l t h  p o l i c y  d e c i s i o n s .  
This  r e p o r t  s t u d i e s  t h e  r e l a t i o n s h i p  between i n f a n t  morta l -  
i t y  on t h e  one hand and n u t r i t i o n a l ,  medical  c a r e ,  s o c i a l ,  and 
economic i n d i c a t o r s  on t h e  o t h e r .  
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
SUMMARY 
In a previous report (Energy Consumption as an Indicator of 
Longevity, PP-78-6), we described the relationship between ener- 
gy consumption and health. In this follow-up study, we examine 
certain independent variables in order to ascertain the mecha- 
nisms underlying the effect of development on infant mortality. 
Those variables include: nutrition, medical care, education, 
religion, urbanization, and GNP. The study population consists 
of all nations for which data were available. Statistical anal- 
ysis is both cross-sectional and longitudinal. We conclude from 
this analysis that economic development is responsible for ap- 
proximately half of the reduction in infant mortality that has 
occurred over the past few decades, and that, of the intervening 
variables tested, energy consumption and literacy bear a strong 
and predictive relationship to declining infant death rates. 
In addition, other still unidentified factors are operating to 
reduce death rates throughout the worid. 
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INTRODUCTION 
Although there is much in demography that is controversial, 
there is little dispute regarding an inverse relationship be- 
tween economic development and infant mortality. ~emo~raphers 
generally consider the major intervening factors to be increased 
access to food, and improved medical care, sanitation, and hous- 
ing. The relative contribution of each of these and other fac- 
tors has been difficult to quantify, partly because the indepen- 
dent variables are so highly intercorrelated and partly because 
valid measures of economic development, particularly in inter- 
national comparisons, are not easily achieved. For these rea- 
sons the precise nature of the relationship between economic de- 
velopment ana infant mortality remains enigmatic. In this paper 
we attempt an analysis of certain variables related to econcmic 
development as they may affect infant mortality. 
Quantification of the relationship between economic develop- 
ment and infant mortality is not merely a matter of academic 
scholarship. Few issues create more public concern than popu- 
lation growth on the one hand and poverty on the other. Light 
might be shed on both of these phenomena if their interrelation- 
ships were clarified. Because economic development clearly has 
a powerful influence on population parameters, increased know- 
ledge of interactions among these variables can contribute to 
the development of population models. As it is, projections of 
population growth generally rest on extrapolations from past 
trends rather than on any predictive model incorporating econom- 
ic factors [ I  ]  . 
Not all age groups have benefited equally from the declin- 
ing mortality rates of the past several decades. Infant death 
rates have shown the greatest reductions, and we have chosen to 
focus on that age group in this study. A more general measure 
of health is longevity from birth, which combines death rates 
at all age groups. We study longevity separately in a sequel 
paper [21 .  
Elsewhere, we have identified two factors operating to re- 
duce infant mortality: one is closely related to and dependent 
upon economic development and the other is a secular trend un- 
related to economic development [ 3 ] .  These relationships are 
shown in Figure 1. Specifically, the question to which we 
address ourselves is whether we can offer some explanation of 
either of these phenomena with currently available data. 
- . . . -  1950 : Y = 38.3 + 74.4 EXP ( - 0.00102 X ) 
- - - -  1960 : Y = 22.9 + 73.2 EXP ( - 0.00087 X ) 
1970 : Y = 17.2 + 72.1 EXP (-0.00071 X ) 
I 
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F i g u r e  1 . .   elations ship between energy  consumption and i n f a n t  
m o r t a l i t y  f o r  47 c o u n t r i e s  (1950-1960-3970 d a t a )  
from [ 3 ] .  
W e  have c a r r i e d  o u t  b o t h  c r o s s - s e c t i o n a l  and l o n g i t u d i n a l  
s t u d i e s  on 150 c o u n t r i e s  which c o n t a i n  more t h a n  99 p e r c e n t  o f  
t h e  w o r l d ' s  p o p u l a t i o n .  I t  was n o t  o u r  i n t e n t  t o  c a r r y  o u t  a  
d e t a i l e d  c l i n i c o p a t h o l o g i c  s t u d y  o f  i n f a n t  m o r t a l i t y ,  b u t  r a t h e r  
t o  examine t h o s e  g r o s s  v a r i a b l e s  f o r  which d a t a  a r e  now g e n e r a l l y  
a v a i l a b l e  f o r  most c o u n t r i e s  t o  tes t  whether  e q u a t i o n s  cou ld  be 
d e r i v e d  which would p e r m i t  l i n k i n g  i n f a n t  m o r t a l i t y  t o  economic 
development.  
The v a r i a b l e s  examined, t h e  sho r thand  n o t a t i o n s  used i n  
t e x t  and t a b l e s  and t h e i r  s o u r c e s  a r e  a s  fo l low:  
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infant mortality per 1000 live births [4] 
longevity from birth in years [41 
annual births per woman aged 15 to 45, calcu- 
lated from statistics available in [41 
live births per 1000 population [41 
deaths per 1000 population [41 
per capita GNP in dollars [5] 
per capita annual commercial energy consump- 
tion in kiloqrams of coal equivalent (kgce) [61 
percent of labor force employed in agricul- 
ture [7] 
percent of total population living in cities 
of more than 100,000, calculated from 
statistics in [8] 
percent of persons over age 15 able to read 
and write [9,10] 
percent of eligible population enrolled in 
school [7] 
per capita total daily calories [11] 
per capita daily calories from carbohydrate [Ill 
per capita daily calories from fat [11] 
per capita daily calories from animal and 
vegetable protein [Ill 
per capita daily calories from animal protein [I11 
number of persons per physician [8] 
number of persons per hospital bed [81 
an index of distribution of income [71 
smallest percent of population receiving half 
of total income [7] 
percent of population who are Christian [7] 
percent of population who are Moslem [7]. 
Infant mortality data used are those reported by each coun- 
try. By definition, infant mortality refers to all deaths dur- 
ing the first year per 1000 live births. Difficulties with the 
data ara twofold: incomplete reporting by local authorities and 
variations in the definition of live birth. The latter problem 
has been addressed by combining stillbirths with early postnatal 
deaths into a separate category, perinatal mortality. Such data 
are available for only a small number of cases. Underreporting 
undoubtedly occurs, particularly in rural areas of less developed 
countries. Unfortunately the magnitude of-this bias cannot ac- 
curately be estimated, but would operate to underestimate infant 
mortality. We also cannot exclude the possibility that some 
countries purposefully underestimate or overestimate infant mor- 
tality rates for political purposes. We overcome this diffi- 
culty to some extent by the use of longitudinal data where it 
is assumed that reporting practices within countries are fairly 
constant. 
As a measure of economic development, we have chosen to use 
annual per capita commercial energy consumption. Such an index 
has certain advantages and disadvantages. Energy consumption 
alone is not identical with economic development, as is illus- 
trated by some of the small developing OPEC countries which have 
enormous levels of energy consumption; but it is a necessary com- 
ponent of the process of development. However, the quantitative 
relationships are as yet unclear, and various pathways to develop- 
ment may have different energy requirements, as noted in the 
differing energy consumption levels of nations with similar de- 
grees of development [ 1  21 . 
The advantage of energy consumption as a measure of economic 
development is that it provides a constant physical unit, compar- 
able over time and among countries. Per capita GNP is often used 
as a measure of economic development. This quantity suffers from 
the defect of requiring arbitrary adjustments when used among na- 
tions with different currencies or for longitudinal studies where 
adjustments for inflation or deflation are necessary. There are 
other defects inherent in the use of GNP as a measure of economic 
activity that need not be discussed here but have been reviewed 
elsewhere 1131. 
We have described elsewhere the regression of infant mor- 
tality on energy consumption for the years 1 9 5 0  1960 ,  and 1970 ,  
cxr 
usinq a logistic curve of the form y = a + be presented in Fic- 
ure 1 [ 3 ] .  We interpreted the data as demonstrating distinct 
phases in economic development as it affects mortality, namely 
from 0  to 99 kgce (Phase I), 1 0 0  to 1999  kgce (Phase II), 2000 to 
3993  kgce (Phase 111), and more than 4000 kgce (Phase I V ) .  In- 
fant mortality is relatively insensitive to increasing energy 
consumption throughout the first and fourth phases, but declines 
sharply in the middle two phases, i.e. from 1 0 0  to 4000  kgce. 
In this paper we further divide Phase I1 into two categories so 
as to examine the "take-off" phase of economic development in 
more detail: Phase IIa from 1 0 0  to 399 kgce, and IIb from 400 
to 1 9 9 9  kgce. 
The 29 countries in Phase I, containing 9  percent of the 
world's population, are characterized by illiteracy, inadequate, 
monotonous and uncertain diet, and high rates of infant mortality 
and fertility. The primary economic activity is subsistence 
farming. There is little use of money and energy inputs are 
largely from human muscle. Ethiopia, Nepal, and much of Africa 
below the Sahara are examples. 
Phases IIa and IIb, the early phases of economic develop- 
ment, contain 6 2  percent of the world's population. Per capita 
GNP has begun to rise. The portion of the labor force engaged 
in agriculture begins to fall. Urbanization commences. Infant 
mortality starts to fall and longevity increases by approximately 
1 0  years in each of these phases. India, China, and much of 
Latin America are examples. In Phase I11 all of these trends 
continue, although only small gains in longevity occur. In 
Phase IV the development process is mature; literacy j.s now vir- 
tually universal, and health benefits begin to plateau in spite 
of progressive industrialization. 
DATA ANALYSIS 
We obta ined  c u r r e n t  (1975) v a l u e s  of t h e  above-mentioned 
v a r i a b l e s ,  whenever p o s s i b l e ,  f o r  150 c o u n t r i e s .  While i n f o r -  
mation on popu la t ion  and v i t a l  s t a t i s t i c s  was a v a i l a b l e  f o r  each 
count ry ,  o t h e r  d a t a  were incomplete.  For i n s t a n c e ,  G I N 1  and 
X HALF were a v a i l a b l e  f o r  only  71 c o u n t r i e s .  However, 1 1 6  coun- 
t r i e s  had complete d a t a  on t h e  v a r i a b l e s  used i n  most of t h e  
a n a l y s i s .  
Resu l t s  based on t h e s e  d a t a  c o n s t i t u t e  our c r o s s - s e c t i o n a l  
a n a l y s i s .  S t a t i s t i c a l  averages  (weighted by popula t ion)  were 
ob ta ined  us ing  complete d a t a  on each v a r i a b l e .  These averages  
a r e  p resen ted  i n  Table 1 by energy phase.  S tandard ized  s c o r e s ,  
i . e .  (phase  mean - grand mean) / to t a l  s tandard  d e v i a t i o n ,  a r e  
shown i n  F igure  2 .  The s i g n s  of t h e s e  s c o r e s  w e r e  a d j u s t e d  s o  
t h a t  t hey  w e r e  a l l  p o s i t i v e  f o r  t h e  developed phases .  
Figure  2 .  Standard ized  s c o r e s  f o r  16 v a r i a b l e s ,  by annual  pe r  
c a p i t a  energy consumption ( k g c e ) ,  150 c o u n t r i e s .  
T a b l e  1 .  Pleans o f  selected va r i ab l e s ,  by d e v e l o p m e n t  p h a s e  (19 ' 75  d a t a )  
V a r i a b l e s  
- - 
I I I a  I I b  I11 I V  T o t a l  
1 0 0 -  4 0 0 -  2 0 0 0 -  
< I 0 0  k g c e  4 0 0  - k g c e  1 0 0 0  k g c e  4 0 0 0  k g c e  > 4 0 0 Q  k g c e  
(N=29)  (N=34)  (N=41)  (N=16)  (N=21 ) (N=150)  
TOTAL POPULATION* 
DEATH RATE 
BIRTH RATE 
FERTILITY 
INFMORT 
LOPTGB I 
GNP 
ENERGY 
75 LABAG 
3 GTH 
?? LITERACY 
TOTCALS 
CARBCALS 
FATCALS 
PROTCALS 
AP RCALUS 
POP/MD 
POP/BED 
* i n  m i l l i o n s  
Weighted s i m p l e  c o r r e l a t i o n s  w e r e  e s t i m a t e d  from complete 
p a i r s  of  c o r r e l a t i o n s .  Weighted m u l t i p l e  r e g r e s s i o n  a n a l y s i s  
of  INFMORT on v a r i o u s  e x p l a n a t o r y  v a r i a b l e s  was based on t h e  
116 c o u n t r i e s  w i t h  comple te  d a t a .  T h i s  a n a l y s i s  exc luded  $ LABAG, 
EXROLM, G I N 1  and 5 HALF, a s  d e s c r i b e d  l a t e r .  The l o n g i t u d i n a l  
a n a l y s i s  i s  based on a  subsample o f  4 4  c o u n t r i e s  f o r  which i n f o r -  
mat ion  was a v a i l a b l e  i n  1950 and 1970. 
I n  t h e  r e g r e s s i o n  and c o r r e l a t i o n  a n a l y s i s  some v a r i a b l e s  
were t r ans fo rmed  t o  t h e i r  l o g a r i t h m i c  v a l u e s  s i n c e  t h i s  improved 
l i n e a r  c o r r e l a t i o n  w i t h  INFMORT. V a r i a b l e s  s o  t r ans fo rmed  were 
G N P ,  ENERGY, POP/MD, and POP/BED. F i n a l l y ,  t o  f u r t h e r  i l l u s t r a t e  
t h e  d e g r e e  of  l i n e a r  dependence between INFMORT and t h e  explana-  
t o r y  v a r i a b l e s ,  w e  chose  t o  r e p o r t  t h e  p r o p o r t i o n  of s t a n d a r d  de-  
v i a t i o n  (SD) e x p l a i n e d ,  r a t h e r  t h a n  t h e  f a m i l i a r  p r o p o r t i o n  o f  
v a r i a n c e ,  s i n c e  t h e  SD i s  i n  t h e  same u n i t s  a s  t h e  o r i g i n a l  mea- 
surements .  While t h e  p r o p o r t i o n  of  v a r i a n c e  e x p l a i n e d  i s  t h e  
s q u a r e  of  t h e  m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  (r2) , t h e  pro-  
p o r t i o n  of  SD i s  1  - . The l a t t e r  i s  a lways  less 
t h a n  o r  e q u a l  t o  t h e  former .  For example, i f  r = 0.8,  t h e n  t h e  
p r o p o r t i o n  o f  v a r i a n c e  e x p l a i n e d  i s  0.64 (64 p e r c e n t )  w h i l e  t h e  
p r o p o r t i o n  o f  SD e x p l a i n e d  i s  0.40 (40 p e r c e n t ) .  
CROSS-SECTIONAL ANALYSIS 
I n  t h e  f o l l o w i n g  s e c t i o n s ,  w e  s h a l l  a n a l y z e  e a c h  set o f  
e x p l a n a t o r y  v a r i a b l e s  s e p a r a t e l y .  
N u t r i t i o n  
The r e l a t i o n s h i p  between n a t i o n a l  a v e r a g e  food consumption 
d a t a  and n u t r i t i o n  of  t h e  f e t a l  host-mother  and t h e  p o s t n a t a l  
i n f a n t  i s  u n c e r t a i n  and p robab ly  o f  less impor tance  t h a n  t r a -  
d i t i o n a l  a t t i t u d e s  towards  m a t e r n a l  ~ n d  i n f a n t  f e e d i n g  p r a c t i c e s .  
Under t h e s e  c i r c u m s t a n c e s ,  aggrega ted  food d a t a  p r o v i d e  i n f o r -  
mat ion  o n l y  on t h e  g e n e r a l  n u t r i t i o n a l  background t o  i n f a n t  mor- 
t a l i t y  e f f e c t s .  Our n u t r i t i o n a l  v a r i a b l e s  a r e  t o t a l  d a i l y  c a l o -  
ries a s  w e l l  a s  major  n u t r i t i o n a l  components,  i . e . ,  c a r b o h y d r a t e ,  
f a t ,  and p r o t e i n  of  b o t h  p l a n t  and an imal  o r i g i n  ( F i g u r e  3  and 
Table  1 ) .  S i n c e  n u t r i t i o n  i n c r e a s e s  i n  a  n o n l i n e a r  f a s h i o n  w i t h  
energy  consumption,  t h e  c u r v e s  i n  F i g u r e  3  r e p r e s e n t  l e a s t - s q u a r e s  
q u a d r a t i c  r e g r e s s i o n  e q u a t i o n s  of t h e  n u t r i t i o n a l  v a r i a b l e s  on 
t h e  l o g a r i t h m  o f  ene rgy  consumption. 
Average c a l o r i c  i n t a k e  p e r  c a p i t a  th roughou t  t h e  world i s  
2421, r i s i n g  from 2115 i n  t h e  Phase I group  t o  2993 i n  Phase I V .  
Carbohydra te  c a l o r i e s  remain f a i r l y  c o n s t a n t  w i t h  i n c r e a s i n g  
w e a l t h  and a c c e s s  t o  g r e a t e r  q u a n t i t y  and v a r i e t y  of f o o d s t u f f s .  
A d d i t i o n a l  c a l o r i e s  come from i n c r e a s i n g  f a t  and p r o t e i n .  F a t  
p r o v i d e s  14 p e r c e n t  o f  d i e t s  i n  t h e  p o o r e s t  c o u n t r i e s ,  coming 
mos t ly  from non-separa ted  v e g e t a b l e  f a t s ,  and 36 p e r c e n t  i n  de-  
ve loped  c o u n t r i e s ,  w i t h  s e p a r a t e d  f a t s  and animal  f a t s  a s  t h e  
predominant  s o u r c e .  P r o t e i n  c o n t e n t  remains  f a i r l y  c o n s t a n t  a t  
50 100 5 ~ 0  1000 5000 10000 16000 
PER CAPITA ANNUAL ENERGY CONSUMPTION (kg COAL EQUIVALENT) 
F i g u r e  3 .  Average d a i l y  a v a i l a b i l i t y  o f  c a l o r i e s  from major 
food g r o u p s ,  by n a t i o n a l  e n e r g y  consumption.  
a l l  c a l o r i c  l e v e l s  ( a l m o s t  11 p e r c e n t )  b u t  t h e r e  i s  a  g r a d u a l  
s h i f t  from v e g e t a b l e  t o  an imal  s o u r c e s .  I n  Phase I ,  17 p e r c e n t  
of  p r o t e i n  c a l o r i e s  comes from animal  s o u r c e s ,  i n  c o n t r a s t  t o  
57 p e r c e n t  i n  Phase  I V .  I t  i s  l i k e l y  t h a t  t h e s e  mean v a l u e s  
c o n c e a l  t h e  economic and t empora l  m a l d i s t r i b u t i o n  t h a t  o c c u r s  
w i t h  n u t r i t i o n ,  p a r t i c u l a r l y  i n  p o o r e r  c o u n t r i e s .  Data on t h i s  
p o i n t  a r e  v e r y  d i f f i c u l t  t o  o b t a i n .  
Tab le  2 i n c l u d e s  c o r r e l a t i o n  c o e f f i c i e n t s  o f  t h e  n u t r i -  
t i o n a l  v a r i a b l e s  w i t h  i n f a n t  m o r t a l i t y .  Although a l l  of  t h e  
v a r i a b l e s  show s i g n i f i c a n t  r e l a t i o n s h i p s  t o  i n f a n t  d e a t h s  f o r  
t h e  t o t a l  p o p u l a t i o n ,  o n l y  an imal  p r o t e i n  c a l o r i e s  show a  re- 
l a t i v e l y  c o n s i s t e n t  r e l a t i o n s h i p  w i t h i n  energy  g roups  a s  w e l l  
a s  t h e  h i g h e s t  t o t a l  c o r r e l a t i o n  c o e f f i c i e n t  o f  a l l  n u t r i t i o n a l  
v a r i a b l e s .  
I n  a n o t h e r  a n a l y s i s ,  w e  used  d i f f e r e n t  s e t s  o f  independen t  
v a r i a b l e s  i n  t u r n  a s  e x p l a n a t o r y  v a r i a b l e s  o f  i n f a n t  m o r t a l i t y .  
A f t e r  n o t i n g  t h e  p e r c e n t  of  s t a n d a r d  d e v i a t i o n  o f  i n f a n t  mor ta-  
l i t y  e x p l a i n e d  by a  g i v e n  se t ,  w e  c a l c u l a t e d  t h e  p a r t i a l  
Table 2.  Correlation coefficients: selected variables with infant mortality, 
by development phase ( 1 9 7 5  data) 
Vital Statistics 
BIRTH RATE 
FERTILITY 
DEATH RATE 
LONGBI 
$ UNDER 1 5  
- 
Nutrition 
TOTCALS 
$ CARB 
FATCALS 
P ROTCALS 
AP RCALS 
Variables 
Education 
$ LITERACY 
ENROLM 
IIa IIb I11 IV Total 
I 100-  400- 2000-  
< I 0 0  kgce 400  kgce 1 0 0 0  kgce 4000  kgce > 4 0 0 0  kgce 
CN=2 9  ) (N=3 4  1 (N=41) (N=16) (.i.l= 2  1 ) (.N=1 501 
Medical Care 
POP/MD 
POP/BED 
Socio-Economic 
GNP 
ENERGY 
GIN1 
% HALF 
$ CHRISTIAN 
$ MOSLEM 
$ GTH 
*Figures in parentheses are not statistically significant at the 0 . 5  level. 
c o r r e l a t i o n  of  i n f a n t  m o r t a l i t y  w i t h  each  of  t h e  remaining inde-  
pendent  v a r i a b l e s .  Tab le  3 shows t h e  r e s u l t s  of  t h i s  a n a l y s i s  
f o r  t h e  t o t a l  sample of  c o u n t r i e s  and f o r  each  energy  phase .  
The t a b l e  l i s ts  t h e  p e r c e n t a g e s  of s t a n d a r d  d e v i a t i o n  e x p l a i n e d  
a s  w e l l  a s  each  v a r i a b l e  w i t h  a  p a r t i a l  c o r r e l a t i o n  g r e a t e r  t h a n  
0.5 i n  a b s o l u t e  v a l u e .  For t h e  t o t a l  sample of 116 c o u n t r i e s  
f o r  which comple te  d a t a  w e r e  o b t a i n e d ,  n u t r i t i o n  a l o n e  e x p l a i n e d  
52 p e r c e n t  of  t h e  s t a n d a r d  d e v i a t i o n  f o r  i n f a n t  m o r t a l i t y .  A f t e r  
removing t h e  l i n e a r  e f f e c t  of  n u t r i t i o n ,  o t h e r  v a r i a b l e s  s t i l l  
r e t a i n e d  some s i g n i f i c a n c e .  Adding l i t e r a c y  t o  t h e  e q u a t i o n  
f u r t h e r  reduced v a r i a n c e ,  p e r m i t t i n g  74 p e r c e n t  of t h e  t o t a l  
s t a n d a r d  d e v i a t i o n  t o  be e x p l a i n e d .  P a r t i a l  c o r r e l a t i o n s  w i t h  
medica l  c a r e  remained s i g n i f i c a n t  a f t e r  removal o f  n u t r i t i o n  b u t  
reduced v a r i a n c e  less t h a n  d i d  l i t e r a c y .  Wi th in  energy  g r o u p s ,  
n u t r i t i o n  p rov ided  v e r y  l i t t l e  r e d u c t i o n  i n  v a r i a n c e  e x c e p t  i n  
Phase I V ,  where,  however,  v a r i a n c e  of i n f a n t  m o r t a l i t y  i s  a l r e a d y  
v e r y  s m a l l  (SD = 4 . 6 ) .  
Medical  Care 
Two measures  of  med ica l  c a r e  a r e  a v a i l a b l e  f o r  t h e  major-  
i t y  o f  c o u n t r i e s  s t u d i e d :  r a t i o s  o f  p o p u l a t i o n  t o  numbers of  
p h y s i c i a n s  and t o  h o s p i t a l  beds.  Both have  s e r i o u s  d e f e c t s  f o r  
t h e  purpose  of  s t u d y i n g  impact  o f  med ica l  c a r e  on i n f a n t  mor- 
t a l i t y .  P h y s i c i a n s  and h o s p i t a l s  a r e  n o t  e q u a l l y  a v a i l a b l e  t o  
a l l  members o f  a  n a t i o n a l  p o p u l a t i o n .  I n e q u i t i e s  o c c u r  because  
of  b o t h  g e o g r a p h i c  and economic b a r r i e r s  and w i l l  v a r y  among 
c o u n t r i e s  i n  a n  u n p r e d i c t a b l e  f a s h i o n .  Fur the rmore ,  p h y s i c i a n s  
--a h o s p i t a l s  w i l l  v a r y  a c r o s s  c o u n t r i e s  i n  t h e  amount and q u a l -  
i t y  o f  a t t e n t i o n  t h e y  g i v e  t o  m a t e r n a l  and c h i l d  h e a l t h .  Also ,  
d o c t o r s  and h o s p i t a l s  a r e  n o t  t h e  o n l y  v e h i c l e  t h r o u g h  which 
t h e  b e n e f i t s  of  med ica l  t e c h n o l o g y  a r e  a v a i l a b l e .  N a t i o n a l  and 
i n t e r n a t i o n a l  p u b l i c  h e a l t h  s e r v i c e s  a r e ,  i n  t h e  v iew o f  many, 
a  more i m p o r t a n t  mechanism f o r  t h e  d e l i v e r y  o f  e f f e c t i v e  medica l  
t echno logy  t h a n  a r e  c l i n i c i a n s .  The measures  of  med ica l  c a r e  
a v a i l a b l e  t o  u s  a r e  more r e p r e s e n t a t i v e  of c u r a t i v e  t h a n  o f  p r e -  
v e n t i v e  medic ine .  
C o r r e l a t i o n s  o f  p o p u l a t i o n  p e r  p h y s i c i a n  and p e r  h o s p i t a l  
bed w i t h  i n f a n t  m o r t a l i t y  a r e  high--r  = 0.89 and 0 .86 ,  r e s p e c -  
t i v e l y - - y e t  w e  have r e a s o n s  f o r  d o u b t i n g  t h a t  t h i s  r e l a t i o n s h i p  i s  
s t r o n g l y  c a u s a l  a t  a l l  l e v e l s  of development .  They a r e :  
- There  i s  no c o n s i s t e n t  c o r r e l a t i o n  w i t h i n  energy  con-. 
sumption g roups .  Of t h e  10 c o r r e l a t i o n s ,  6  a r e  n o t  
s i g n i f i c a n t ,  and 3 t h a t  a r e  s i g n i f i c a n t  s u g g e s t  a  p o s i -  
t i v e  c o r r e l a t i o n  between numbers o f  d o c t o r s  o r  h o s p i t a l  
beds  and i n f a n t  m o r t a l i t y .  
- Although d e n s i t y  o f  d c c t o r s  and h o s p i t a l s  e x p l a i n s  60 
p e r c e n t  o f  o v e r a l l  SD, it e x p l a i n s  o n l y  10 and 20 p e r -  
c e n t  of  SD i n  t h e  Phase I I a  and I I b  g r o u p s ,  r e s p e c t i v e l y .  
I t  i s  a t  t h e s e  l e v e l s  of development t h a t  t h e  g r e a t e s t  
d e c l i n e  i n  i n f a n t  m o r t a l i t y  o c c u r s .  These o b s e r v a t i o n s  
a r e  c o n s i s t e n t  w i t h  a  r e l a t i v e l y  un impor tan t  r o l e  of  
c u r a t i v e  medic ine  i n  d e v e l o p i n g  c o u n t r i e s  where i n f a n t  
m o r t a l i t y  i s  s t i l l  a  major  h e a l t h  problem. 
Table 3. Percent of standard deviation CSD) of infant raaxtality explained by selected 
variables; and variables with partial correlation greater than 0.5 in absolute 
value (1 975 data) 
Energy Level (kgce) 
Nutritional 
(NUTS) 
Variables 
Medical 
(MD) 
Literacy 
(LIT) 
I IIa IIb I11 IV Total 
<I00 kgce 100- 400- 2000- >4000 kgce 
400 kgce 2000 kgce 4000 kgce 
(SD=23.2) (SD=24.2) (SD=32.7) (SD=11 .3) (SD=4 - 6 )  (SD=57.1) 
5% 
LIT* 
P,ID 
3 2% 
LIT 
20% 
LIT 
52% 
LIT 
MD 
EN 
30% 
LIT 
20% 
LIT 
37% 
NUTS 
EN 
GTH 
60% 
LIT 
11% 
NUTS 
GNP 
40% 
NUTS 
3% 
GNP 
GTH 
4% 
MD 
NUTS 
Energy 
(EN 
0% 
NUTS 
MD 
LIT 
3 6% 
LIT 
33% 
LIT 
0% 
GNP 
GTH 
- 
3 3 %  
MD 
NUTS 
GNP 
Urban % 
(GTH) 
0% 
NUTS 
MD 
LIT 
0% 
LIT 
EN 
9% 
LIT 
35% 
MD 
NUTS 
GNP 
37% 
LIT 
EN 
MD 
NUTS 
*After removing the effect of nutritional variables, % literacy and medical variables have 
a partial correlation of >0.5 in absolute value with infant mortality. Other entries in 
this table are similarly interpreted. 
m 
--- 
Educa t ion  
Educat ion  h a s  l o n g  been recogn ized  a s  a  major  component of 
economic development .  Both GNP and energy  consumption a r e  h i g h l y  
r e l a t e d  t o  l i t e r a c y .  C o n s t r u c t i o n  and o p e r a t i o n  of f a c i l i t i e s  
and equipment ,  management o f  m a r k e t s ,  and t r a n s p o r t a t i o n  a l l  re- 
qr l i re  t r a i n e d  p e o p l e  and a  l a r g e  p e r c e n t a g e  o f  t h e  p o p u l a t i o n  
whc -;n, a t  t h e  v e r y  l e a s t ,  r e a d .  The r o l e  of  e d u c a t i o n  i n  re- 
C ~ c i n q  I n f a n t  m o r t a l i t y  may appear  less obvious  t h a n  t h e  v a r i -  
aSles a l r e a d y  d e s c r i b e d ,  n u t r i t i o n  and medica l  c a r e ,  b u t  it i s  
s c a t i s t i c a l l y  t h e  most powerful  e x p l a n a t o r y  v a r i a b l e  t h a t  w e  
have i d e n t i f i e d .  
W e  s e l e c t e d  f o r  s t u d y  two measures o f  e d u c a t i o n ,  l i t e r a c y  
artd schoal e n r o l l m e n t .  The former  i s  a  s t a t i s t i c  c o l l e c t e d  by 
eac:2 c o u n t r y  and g e n e r a l l y  r e f e r s  o n l y  t o  p e r s o n s  above age  15. 
Sctlo31 en-rc l lment  i s  a n  index  used by UNESCO f o r  t h a t  p a r t  o f  
t h e  p c p u l a t i o n  aged 5 t o  19 i n c l u s i v e ,  who a r e  a c t u a l l y  e n r o l l e d .  
Vie a l s o  e v a l u a t e d  a s  a n  independent  v a r i a b l e  t h e  p e r c e n t a g e  of 
worldwide s c i e n t i f i c  a r t i c l e s  c o n t r i b u t e d  by each  c o u n t r y ,  b u t  
it performed s o  p o o r l y  i n  e x p l a i n i n g  i n f a n t  m o r t a l i t y  t h a t  it 
~ s s  drspped  from f u r t h e r  c o n s i d e r a t i o n .  
Of t h e  two v a r i a b l e s ,  l i t e r a c y  was t h e  more p o t e n t  i n  ex- 
p!aining i n f a n t  m o r t a l i t y .  The c o r r e l a t i o n  w i t h  i n f a n t  m o r t a l i t y  
was t h e  s t r o n g e s t  found ( -0 .96) ,  and was c o n s i s t e n t  i n  a l l  phases  
of development w i t h  t h e  e x c e p t i o n  o f  Phase I V ,  where t h e  l i t e r -  
acy  r a t e ,  a v e r a g i n g  97.2 p e r c e n t ,  becomes a  poor i n d i c a t o r .  I n  
t h o s e  developed c o u n t r i e s  s c h o o l  e n r o l l m e n t  becomes a  b e t t e r  i n -  
d i c a t o r  and c c r r e l a t e s  modera te ly  w e l l  w i t h  i n f a n t  m o r t a l i t y .  
Regress ion  a n a l y s i s  a l s o  s u p p o r t e d  t h e  s i g n i f i c a n t  e f f e c t  
of  l l t e r a c y  (Tab le  3 ) .  Of a l l  t h e  v a r i a b l e s ,  l i t e r a c y  was t h e  
most powerful  i n  e x p l a i n i n g  i n f a n t  m o r t a l i t y ,  r e d u c i n g  t h e  
s t a n d a r d  d e v i a t i o n  by 72 p e r c e n t .  Fur the rmore ,  i n  Phases  I I a  
and I I b ,  i n  which i n f a n t  m o r t a l i t y  r a p i d l y  d e c l i n e s  fom 159 t o  
21 peL 1000, l i t e r a c y  a l o n e  e x p l a i n s  40 and 4 4  p e r c e n t  of  t h e  
s t a n d a r d  d e v i a t i o n ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  p a r t i a l  c o r r e -  
l a t i o n  c o e f f i c i e n t s  of  l i t e r a c y  remain h i g h l y  s i g n i f i c a n t  a f t e r  
removing any of  t h e  o t h e r  v a r i a b l e s .  
U r b a n i z a t i o n  
One o f  t h e  most  c o n s i s t e n t  c h a r a c t e r i s t i c s  of  economic 
development  i s  t h e  appearance  and growth o f  c i t i e s  and t h e  i n -  
c r e a s i n g  p r o p o r t i o n  of  t h e  p o p u l a t i o n  l i v i n g  i n  such c i t i e s .  
I n  o u r  d a t a ,  26.4 p e r c e n t  o f  t h e  w o r l d ' s  p o p u l a t i o n  l i v e s  i n  
c i t i e s  of more t h a n  100,000 p o p u l a t i o n .  I n  t h e  l e a s t  developed 
c o u n t r i e s ,  6.7 p e r c e n t  o f  t h e  p o p u l a t i o n  i s  i n  such c i t i e s ,  and 
i n  t h e  most deve loped ,  45.3 p e r c e n t .  
W e  a s s e s s e d  a  number o f  measures  of  u r b a n i z a t i o n .  The 
Uni ted  Na t ions  p u b l i s h e s  a n  index  o f  u r b a n i z a t i o n  c a l c u l a t e d  i n -  
d i v i d u a l l y  by e a c h  c o u n t r y .  W e  a l s o  computed f o r  e a c h  c o u n t r y  
t h e  p e r c e n t  of  p o p u l a t i o n  l i v i n g  i n  c i t i e s  l a r g e r  t h a n  100,000 
( G T H )  and l a r g e r  t h a n  one m i l l i o n .  Any measure of u rban iza-  
t i o n  w i l l  s u f f e r  from t h e  d i f f i c u l t y  of d e f i n i n g  c i t y  boundar ies ,  
bu t  v a r i a b i l i t y  i n  t h e  UN index i s  g r e a t e s t  due t o  t h e  widely d i f -  
f e r i n g  d e f i n i t i o n s  adopted by each count ry .  Of t h e  t h r e e  i n d i -  
c e s ,  GTH e x h i b i t e d  g r e a t e r  s t a t i s t i c a l  c o r r e l a t i o n  wi th  i n f a n t  
m o r t a l i t y  and was t h e r e f o r e  used a s  our  measure of u r b a n i z a t i o n .  
A s  shown i n  Table 2 ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  of u rban i -  
z a t i o n  wi th  i n f a n t  m o r t a l i t y  was --0.78, and was s i g n i f i c a n t  
abave 400 kgce. I n  t h e  r e g r e s s i o n  a n a l y s i s  (Table  3 ) ,  urbani-  
z a t i o n  e x p l a i n s  t h e  s m a l l e s t  p o r t i o n  of any of t h e  major v a r i -  
a b l e s  examined (37 p e r c e n t ) .  Within energy groups ,  GTH never 
e x p l a i n s  a s  much a s  20 pe rcen t  of SD. 
Other Var i ab l e s  
Severa l  v a r i a b l e s  w e r e  examined and found t o  be  of l i t t l e  
s i g n i f i c a n c e .  They w e r e  t h e r e f o r e  dropped from f u r t h e r  a n a l y s i s .  
W e  a r e  unable  t o  determine whether t h i s  was due t o  poor q u a l i t y  
of t h e  d a t a  o r  t o  t r u e  l a c k  of c o r r e l a t i o n  wi th  i n f a n t  m o r t a l i t y .  
These v a r i a b l e s  w e r e :  r e l i g i o n  a s  measured by percen t  C h r i s t i a n  
o r  Moslem, and two measures of d i s t r i b u t i o n  of wea l th ,  t h e  G I N 1  
index and t h e  pe rcen t  of popula t ion  owning h a l f  of t h e  weal th  
(Table 3 ) .  Others  no t  r e p o r t e d  i n  t h i s  paper  a r e :  two measures 
of s a n i t a t i o n ,  pe rcen t  of homes wi th  f l u s h i n g  t o i l e t s  and of 
homes wi th  piped wate r ;  a  measure of housing d e n s i t y ,  number of 
persons  p e r  room; and an a d d i t i o n a l  measure of educa t ion ,  d o l l a r s  
spen t  on educa t ion  pe r  c a p i t a .  
The logar i thm of p e r  c a p i t a  GNP e x h i b i t e d  i n c r e a s i n g l y  s i g -  
n i f i c a n t  c o r r e l a t i o n  of i n f a n t  m o r t a l i t y  w i th  economic develop- 
ment. A f t e r  removing t h e  e f f e c t  of both  n u t r i t i o n  and medica l  
c a r e  i n  Phase I V ,  GNP s t i l l  r e t a i n e d  t h e  power t o  e x p l a i n  52 
pe rcen t  of t h e  remaining s tandard  d e v i a t i o n .  Percen t  of GNP due 
t o  i n d u s t r y  and a g r i c u l t u r e  was of less s i q n i f i c a n c e  than  per-  
c e n t  of l a b o r  f o r c e  engaged i n  a g r i c u l t u r e .  A l l  t h r e e  measures 
were t o o  i n s i g n i f i c a n t  t o  be included i n  f u r t h e r  a n a l y s i s .  
Two o t h e r  demographic v a r i a b l e s  were t e s t e d  a s  t hey  r e l a t e d  
t o  i n f a n t  m o r t a l i t y ,  l ongev i ty  from b i r t h  and f e r t i l i t y .  The 
former shows a  h igh  degree  of c o r r e l a t i o n  wi th  i n f a n t  m o r t a l i t y ,  
because i n f a n t  m o r t a l i t y  i t s e l f  p a r t l y  determines  l ongev i ty  from 
b i r t h .  I n  a d d i t i o n ,  m o r t a l i t y  r a t e s  tend t o  r i s e  o r  f a l l  simul- 
t aneous ly  i n  a l l  age groups.  
F e r t i l i t y  d e c l i n e s  a t  each s t a g e  of development p a r a l l e l  
t o  d e c l i n i n g  i n f a n t  m o r t a l i t y .  Although t h e r e  a r e  undoubtedly 
s t r o n g  i n t e r a c t i o n s  between t h e s e  v a r i a b l e s ,  evidence sugges t s  
t h a t  i n f a n t  m o r t a l i t y  d e c l i n e s  p r i o r  t o  r e d u c t i o n  i n  f e r t i l i t y  
[ ? , 1 5 ] .  Demographic t r a n s i t i o n  theo ry  p o s i t s  t h a t  it i s  t h e  per-  
c e p t i o n  of d e c l i n i n g  i n f a n t  m o r t a l i t y  t h a t  persuades  p a r e n t s  t o  
l i m i t  fami ly  s i z e .  Close  i n s p e c t i o n  of Table 1 suppor t s  t h a t  
theory :  t h e  sha rp  d e c l i n e  i n  f e r t i l i t y  l a g s  behind t h a t  i n  in-. 
£ a n t  m o r t a l i t y .  There can be no ques t ion  t h a t  s h o r t  b i r t h  
i n t e r v a l s  and p ro longa t ion  of f e r t i l i t y  i n t o  middle age ,  common 
i n  h igh ly  f e r t i l e  s o c i e t i e s ,  a r e  a s s o c i a t e d  wi th  h igh  l e v e l s  of 
i n f a n t  m o r t a l i t y .  The d a t a ,  reviewed by Wray [ 1 6 ] ,  demonstra te  
c l e a r l y  t h a t  r e d u c t i o n  i n  family  s i z e ,  reduced p a r i t y ,  and in -  
c r eas ing  b i r t h  i n t e r v a l s  a l l  reduce i l l n e s s  and i n f a n t  m o r t a l i t y .  
LONGITUDINAL ANALYSIS 
A s  seen i n  F igu re  1 ,  t h e r e  i s  evidence t h a t  worldwide in -  
f a n t  m o r t a l i t y  r a t e s  a r e  f a l l i n g  independent ly  of economic de- 
velopment. Nations a t  a l l  l e v e l s  of development have bene f i t ed  
by a  dec rease  i n  i n f a n t  m o r t a l i t y  of approximately 20 dea ths  p e r  
1000 l i v e  b i r t h s .  We t h e r e f o r e  t e s t e d  whether t h e  independent 
v a r i a b l e s  d i scus sed  above could e x p l a i n  observed d e c l i n e s  i n  i n -  
f a n t  m o r t a l i t y .  Although complete d a t a  f o r  v a r i a b l e s  a r e  no t  
a v a i l a b l e  f o r  1950, 4 4  c o u n t r i e s  do have s u f f i c i e n t  d a t a  f o r  
l o n g i t u d i n a l  a n a l y s i s  i n  bo th  1950 and 1970, and complete d a t a  
a r e  a v a i l a b l e  f o r  2 2  c o u n t r i e s  i n  bo th  y e a r s .  Mean va lues  a r e  
shown i n  Table 4 both  f o r  t h e  l a r g e r  sample of 4 4  c o u n t r i e s  used 
f o r  l i t e r a c y  and energy comparisons and f o r  t h e  sma l l e r  sample 
of 2 2  c o u n t r i e s  used f o r  a n a l y s i s  of n u t r i t i o n a l ,  medica l ,  and 
u r b a n i z a t i o n  v a r i a b l e s .  The s t a t i s t i c a l  means f o r  t h e  l a r g e r  
sample of 4 4  c o u n t r i e s  have been weighted f o r  t h e  1950 popula- 
t i o n .  The sma l l e r  sample of 2 2  c o u n t r i e s ,  used f o r  more exten-  
s i v e  a n a l y s i s ,  has  no t  been weighted,  p r i n c i p a l l y  because of 
I n d i a  where t h e  s i z e  of t h e  popula t ion  and anomalous behavior  
of many of t h e  v a r i a b l e s  would have d i s t o r t e d  t h e  a n a l y s i s .  
Table 4 .  S t a t i s t i c a l  means of s e l e c t e d  v a r i a b l e s  
(1950 and 1970 d a t a )  
I Var iab l e s  1950 1970 X Change 
INFANT MORTALITY* 
$ LITERACY* 
Energy 
TOTCALS 
FATCALS 
APRCALS 
CARBCALS 
PROTCALS 
POP/MD 
POP/BED 
$ GTH 
*Based on 4 4  c o u n t r i e s ;  o therwise  2 2 .  
C o r r e l a t i o n  c o e f f i c i e n t s  f o r  s e l e c t e d  v a r i a b l e s  and i n f a n t  
m o r t a l i t y  a r e  shown i n  Table  5  b o t h  f o r  1950 and f o r  1970 d a t a .  
C o r r e l a t i o n s  f o r  t h e  two y e a r s  a r e  i n  g e n e r a l  q u i t e  s i m i l a r .  
D i f f e r e n c e s  i n  i n f ~ n t  m q r t a l i t y  ( 1  950 t o  1970) w e r e  a l s o  
c a l c u l a t e d ,  and t h e  d i f f e r e n c e  was used a s  a  dependent  v a r i a b l e  
and c o r r e l a t e d  w i t h  d i f f e r e n c e s  i n  c e r t a i n  independen t  v a r i a b l e s  
a s  shown i n  Table  5. Of t h e  v a r i a b l e s  s t u d i e d ,  l i t e r a c y ,  ene rgy  
consumption,  and two n u t r i t i o n a l  v a r i a b l e s  ma in ta ined  t h e i r  ex- 
p l a n a t o r y  v a l u e  i n  l o n g i t u d i n a l  a s  w e l l  a s  i n  c r o s s - s e c t i o n a l  
a n a l y s i s .  
To e v a l u a t e  t h e  u s e f u l n e s s  of  each  o f  t h e s e  t h r e e  v a r i a b l e s  
i n  p r e d i c t i n g  i n f a n t  m o r t a l i t y  d e c l i n e ,  1950 t o  1970, w e  c a l c u -  
l a t e d  e l a s t i c i t i e s  a s s o c i a t e d  w i t h  e a c h  from t h e  1975 c r o s s - s e c -  
t i o n a l  d a t a .  I n f a n t  m o r t a l i t y  i s  e s t i m a t e d  t o  d e c r e a s e  by one 
u n i t  f o r  a  13.5 p e r c e n t  i n c r e a s e  i n  t o t a l  c a l o r i e s ,  a  0.56 p e r -  
c e n t  i n c r e a s e  i n  l i t e r a c y ,  o r  a  0.034 i n c r e a s e  i n  t h e  l o g a r i t h m  
o f  ene rgy  consumption. Applying t h e s e  e s t i m a t e s  t o  t h e  obse rved  
i n c r e a s e s  i n  t h e s e  v a r i a b l e s  from 1950 t o  1970, 47,  47 ,  and 49 
p e r c e n t  o f  t h e  d e c r e a s e  i n  i n f a n t  m o r t a l i t y  was accounted  f o r ,  
r e s p e c t i v e l y .  W e  t h u s  concluded t h a t  any o r  a l l  o f  t h e s e  v a r i -  
a b l e s  can  be used  a s  i n d i c e s  of  development .  S i n c e  l i t e r a c y  
and energy  had t h e  h i g h e s t  c o r r e l a t i o n s  w i t h  i n f a n t  m o r t a l i t y  
(Tab le  5)  and w e r e  based on t h e  most comple te  d a t a  ( 4 4  coun- 
t r i e s ) ,  w e  c a r r i e d  o u t  a  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n  which 
i n f a n t  m o r t a l i t y  d i f f e r e n c e ,  1950 t o  1970, became t h e  dependent  
v a r i a b l e ,  and i n f a n t  m o r t a l i t y  l e v e l s  1950, and energy  and l i t e r -  
acy f o r  1950 and subse,quent 20-year changes  became t h e  indepen- 
d e n t  v a r i a b l e s .  The r e s u l t i n g  e q u a t i o n  was a s  f o l l o w s :  
Table  5. C o r r e l a t i o n  c o e f f i c i e n t s :  s e l e c t e d  v a r i a b l e s  
w i t h  i n f a n t  m o r t a l i t y  (1950 and 1970 d a t a )  
*Based on 4 4  c o u n t r i e s ;  o t h e r w i s e  22. 
t F i g u r e s  i n  p a r e n t h e s e s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  
t h e  0.5 l e v e l .  
V a r i a b l e s  
% LITERACY* 
ENERGY * 
FATCALS 
PROTCALS 
APRCALS 
TOTCALS 
POP/BED 
POP/MD 
% GTH 
I n f z n t  M o r t a l i t y  I n f a n t  M o r t a l i t y  ~ i f f e r e n c e  
(1  950) ( 1  970) (1950,3970) 
-.96 -.98 +.86 
-. 89 ~ . 8 6  +.83 
-.76 -.78 (- .29)  
-. 66 -.70 (+ .39)  
- .78 -.78 +. 53 
-.83 -.77 +.69 
+.80 +. 92 ( - 0 6 )  
+.72 +.75 (- .33)  
-.57 -. 37 (- . I61 
I n f a n t  m o r t a l i t y  d i f f e r e n c e  
b e t w e e n  1950  a n d  1970  = 9 . 8 6  l o g  ( e n e r g y  r a t i o  
( 1 9 7 0 ,  1 9 5 0 )  
+ 0.424 ( l i t e r a c y  i n c r e a s e  
1 9 7 0 ,  1950) 
+ 1 .436  ( l i t e r a c y  i n c r e a s e )  
l o g  ( e n e r g y  r a t i o )  
- 3.94 l o g  ( e n e r g y  1 9 5 0 )  ( 1 )  
+ 1 .16  l i t e r a c y  1950  
+ 0 .671  INFMORT 1950  
- 1 0 7 . 0 .  
T h i s  e q u a t i o n  r e d u c e s  t h e  S D  o f  i n f a n t  m o r t a l i t y  d i f f e r e n c e s  
f r o m  4 3  t o  6 .  It i n c o r p o r a t e s  n o t  o n l y  l i n e a r  e f f e c t s  of c h a n g e s  
i n  l i t e r a c y  a n d  e n e r g y  b u t  a l so  t h e  e f f e c t  o f  t h e i r  i n t e r a c t i o n s  
as  m e a s u r e d  b y  t h e i r  p r o d u c t .  U s i n g  t h e  f i r s t  t h r e e  t e r m s  i n  
t h i s  e q u a t i o n ,  it i s  p o s s i b l e  t o  c a l c u l a t e  v a r i o u s  c o m b i n a t i o n s  
of l i t e r a c y  a n d  e n e r g y  c h a n g e s  which  c o u l d  h a v e  r e d u c e d  i n f a n t  
m o r t a l i t y  b y  c e r t a i n  a m o u n t s .  F i g u r e  4  r e p r e s e n t s  g r a p h s  o f  
c o m b i n a t i o n s  n e c e s s a r y  t o  r e d u c e  INFMORT b y  2 0 ,  4 0 ,  a n d  60 p e r  
1000  l i v e  b i r t h s ,  r e s p e c t i v e l y .  T h e s e  c a n  be i n t e r p r e t e d  as  t h e  
i s o q u a n t s  o f  t h e  e c o n o m i c  p r o d u c t :  i o n  c u r v e s .  
L I T E R A C Y  I N C R E A S E  ( P E R C E N T 1  
F i g u r e  4 .  R e l a t i o n s h i p  b e t w e e n  i n c r e a s i n g  e n e r g y  c o n s u m p t i o n  
a n d  l i t e r a c y  i n c r e a s e  i n  p r o d u c i n g  s e l e c t e d  l e v e l s  
of r e d u c t i o n  i n  i n f a n t  m o r t a l i t y .  
The p r e d i c t e d  and t h e  a c t u a l  i n f a n t  m o r t a l i t y  d e c l i n e  f o r  
e a c h  g roup  o f  c o u n t r i e s  by p h a s e  o f  economic deve lopment  w e r e  
c a l c u l a t e d  by u s e  o f  E q u a t i o n  (1 )  and a r e  shown i n  F i g u r e  5. 
Also  shown a r e  t h e  r e l a t i v e  c o n t r i b u t i o n s  t o  i n f a n t  m o r t a l i t y  
d e c l i n e  f rom l i t e r a c y  i n c r e a s e ,  e n e r g y  g r o w t h ,  and  t h e i r  i n t e r -  
a c t i o n ,  based  o n  t h e  f i r s t  t h r e e  t e r m s  o f  t h e  e q u a t i o n .  The 
p o r t i o n  o f  i n f a n t  m o r t a l i t y  u n e x p l a i n e d  by c h a n g e s  i n  l i t e r a c y  
and e n e r g y  i s  c o n s t a n t  a t  a b o u t  30 d e a t h s  p e r  1000 l i v e  b i r t h s  
i n  e a c h  e n e r g y  p h a s e .  T h i s  p o r t i o n  i s  more t h a n  h a l f  ( 5 6  p e r -  
Predicted by Energy 
Predicted by lnteiact~on 
Pred~cted by Literacy 
I)Unexplained 
---- Total Predicted 
100  - 400 - 2000 - > 4000  TOTAL 
400 2000 4000  
N = 8 N = 9  N = l l  N = 16  N = 44 
PER CAPITA A N N U A L  E N E R G Y  CONSUMPTION (kg COAL E Q U I V A L E N T )  
F i g u r e  5 .  D e c l i n e  i n  i n f a n t  m o r t a l i t y ,  1950 t o  1970 ,  a s  p r e -  
d i c t e d  by i n c r e a s e d  e n e r g y  consumpt ion ,  i n c r e a s e d  
l i t e r a c y ,  o r  t h e i r  i n t e r a c t i o n ,  by l e v e l  o f  e n e r g y  
consumpt ion .  
c e n t )  o f  t h e  p r e d i c t e d  level. While t h e s e  v a r i a b l e s  w e r e  a b l e  
t o  p r e d i c t  d e c l i n e s  i n  i n f a n t  m o r t a l i t y  w i t h  a  remarkable  de- 
g r e e  o f  a c c u r a c y  (SD reduced by 85 p e r c e n t ) ,  economic develop-  
ment a s  indexed by l i t e r a c y  and energy  consumption i n c r e a s e s  
accounted  f o r  o n l y  4 4  p e r c e n t  o f  t h e  a c t u a l  d e c l i n e .  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  f i g u r e  o f  4 4  p e r c e n t ,  
o b t a i n e d  s o l e l y  f rom l o n g i t u d i n a l  a n a l y s i s ,  i s  s i m i l a r  t o  t h e  
47 t o  49 p e r c e n t  which were a r r i v e d  a t  by a  d i f f e r e n t  methodo- 
l o g y ,  i . e . ,  by a p p l y i n g  t h e  e l a s t i c i t i e s  o f  l i t e r a c y ,  ene rgy ,  
o r  t o t a l  c a l o r i e s  o b t a i n e d  from c r o s s - s e c t i o n a l  d a t a  t o  l o n g i -  
t u d i n a l  changes  i n  t h e s e  v a r i a b l e s .  We conc lude ,  w i t h  some con- 
f i d e n c e ,  t h a t  a lmos t  h a l f  o f  t h e  worldwide d e c l i n e  i n  i n f a n t  
m o r t a l i t y  i s  a s s o c i a t e d  w i t h  i n c r e a s e s  i n  economic development.  
Our a n a l y s i s  d o e s  n o t  p e r m i t  us  t o  de te rmine  whether  t h e  re- 
mainder i s  due t o  t h e  i n c r e a s i n g  d i f f u s i o n  of  knowledge, o r  t h e  
d i v i d e n d  from p r a c t i c e s  o r  programs begun b e f o r e  1950, o r  o t h e r  
unknown f a c t o r s .  
SUMMARY AND DISCUSSION 
Risk of i n f a n t  d e a t h  i s  s t r o n g l y  r e l a t e d  t o  l e v e l  of eco-  
nomic development.  C h i l d r e n  born  under  t h e  l e a s t  f a v o r a b l e  c i r -  
cumstances have a  20-fold g r e a t e r  r i s k  of  d e a t h  t h a n  t h g s e  born  
i n  t h e  most f a v o r a b l e  c i r c u m s t a n c e s .  Indeed ,  i n f a n t  m o r t a l i t y  
i t s e l f  i s  sometimes used a s  a  measure of  economic development .  
The purpose  of t h i s  s t u d y  was t o  examine, from a v a i l a b l e  d a t a ,  
t h o s e  v a r i a b l e s  which a r e  a s s o c i a t e d  w i t h  economic development ,  
and,  i f  p o s s i b l e ,  t o  make some judgement a b o u t  t h e  c o n t r i b u t i o n  
o f  each  v a r i a b l e  t o  d e c l i n i n g  i n f a n t  m o r t a l i t y .  
W e  w e r e  a c u t e l y  aware from t h e  o u t s e t  o f  t h e  l i m i t a t i o n s  
o f  o u r  d a t a .  It i s  l i k e l y  t o  be t r u e  t h a t  d a t a  c o l l e c t e d  from 
d e v e l o p i n g  c o u n t r i e s ,  where r e s o u r c e s  a r e  l i m i t e d ,  w i l l  be less 
comple te  t h a n  t h o s e  from developed c o u n t r i e s .  I n t e r n a t i o n a l  
d a t a  c o l l e c t i o n  i s  a l s o  l a c k i n g  i n  i n f o r m a t i o n  on f a c t o r s  t h a t  
a r e  known t o  s t r o n g l y  i n f l u e n c e  t h e  outcome o f  pregnancy and s u r -  
v i v a l  o f  t h e  i n f a n t ,  p a r t i c u l a r l y  t h o s e  r e l a t e d  t o  t h e  p e r s o n a l  
c h a r a c t e r i s t i c s  o f  t h e  mother ,  e . g . ,  h e r  a g e ,  h e i g h t ,  m a r i t a l  
s t a t u s ,  and smoking h a b i t s .  It would c l e a r l y  a l s o  be u s e f u l  t o  
have i n f o r m a t i o n  r e g a r d i n g  s t i l l b i r t h s ,  s p e c i f i c  age  o f  d e a t h ,  
whether  t h e  b i r t h  had m e d i c a l  a t t e n d a n c e ,  and c a u s e  of d e a t h .  
None o f  t h i s  i s  a v a i l a b l e  f o r  l a r g e  numbers o f  c o u n t r i e s .  
There  a r e  c e r t a i n  advan tages  i n  t h e  u s e  o f  n a t i o n a l  d a t a .  
W e  a v o i d  t h e  problem o f  sampl ing  e r r o r s :  o u r  sample was t h e  
u n i v e r s e ,  and we w e r e  i n t e r e s t e d  i n  a l l  c h i l d r e n .  W e  a l s o  had 
a v a i l a b l e  a g g r e g a t e d  d a t a  on l i t e r a c y ,  s a n i t a t i o n ,  r e l i g i o n ,  
and o t h e r  v a r i a b l e s  t h a t  o f t e n  canno t  be s t u d i e d  i n  s m a l l e r ,  
more homogenous p o p u l a t i o n s .  A number of  u s e f u l  o b s e r v a t i o n s  
emerged. 
The r e l a t i o n s h i p  between e n e r g y  consumption,  used a s  a n  
index  o f  economic development ,  and i n f a n t  m o r t a l i t y  i s  n o t  l i n -  
e a r .  T h e r e  i s  no c l e a r  r e l a t i o n s h i p  o f  t h e  two q u a n t i t i e s  be-  
low 100 kgce o r  above  4000 kgce .  W e  c h o s e  t o  f i t  t h e  d a t a  t o  a  
l o g i s t i c  c u r v e ,  a s  s e e n  i n  F i g u r e  1 .  Many b i o l o g i c a l  phenomena, 
i n c l u d i n g  growth  c u r v e s ,  f o l l o w  such  a  p a t t e r n .  Whatever  f a c -  
t o r s  a r e  o p e r a t i n g  t o  r e d u c e  i n f a n t  m o r t a l i t y  a p p a r e n t l y  have  
a  lower  t h r e s h o l d  and  a n  u p p e r  o p t i m a l  l e v e l  beyond which no 
f u r t h e r  b e n e f i t s  s e e m  t o  a c c r u e .  
The r e l a t i o n s h i p  be tween  e n e r g y  consumpt ion  and  i n f a n t  mor- 
t a l i t y  a p p e a r s  t o  b e  c h a n g i n g  o v e r  t i m e  [F igu re  I ) _ .  The e f f e c t  
o f  energy--and presumably  o f  a l l  o t h e r  f a c t o r s  w i t h  which e n e r g y  
i s  a s s o c i a t e d ,  i . e . ,  n u t r i t i o n a l  c a l o r i e s ,  m e d i c a l  services,  eco-  
nomic goods a n d  services--is d e c l i n i n g  w i t h  t i m e .  Our own d a t a  
s u g g e s t  t h a t  less t h a n  h a l f  o f  t h e  worldwide d e c l i n e  i n  i n f a n t  
m o r t a l i t y  be tween  3950 and  1970 i s  a s s o c i a t e d  w i t h  economic de-  
ve lopment .  
E d u c a t i o n  
Of a l l  t h e  v a r i a b l e s  t e s t e d ,  l i t e r a c y  was c o n s i s t e n t l y  t h e  
mos t  s t r o n g l y  a s s o c i a t e d  w i t h  a  d e c l i n e  i n  i n f a n t  m o r t a l i t y .  
C o r r e l a t i o n s  were h i g h  i n  c r o s s - s e c t i o n a l  d a t a  f o r  3950, 3970, 
and  t h e  wor ldwide  sample  o f  3975. I n c r e a s i n g  l i t e r a c y  r a t e s  
w e r e  a l s o  s t r o n g l y  ( n e g a t i v e l y )  c o r r e l a t e d  w i t h  i n f a n t  m ~ r t a l i t y  
o v e r  t h e  20-year  l o n g i t u d i n a l  s t u d y  p e r i o d .  L i t e r a c y  improve- 
ment a l o n e  c o u l d  " a c c o u n t "  f o r  48 p e r c e n t  o f  t h e  wor ldwide  de-  
c l i n e  i n  i n f a n t  m o r t a l i t y ,  a l t h o u g h  it is  l i k e l y  t h a t ,  t o  some 
e x t e n t ,  it a l s o  serves a s  a  p roxy  f o r  o t h e r  f a c t o r s .  Al though 
C i p o l l a  [ I71 and  o t h e r s  i381 have  w r i t t e n  e x t e n s i v e l y  on  t h e  
r o l e  o f  e d u c a t i o n  and economic deve lopmen t ,  t h e r e  i s  l i t t l e  cr i t -  
i c a l  work on  t h e  r e l a t i o n s h i p  between e d u c a t i o n  and  i n f a n t  m o r -  
t a l i t y  i n  i n t e r n a t i o n a l  compar i sons .  
The re  a r e  a  number o f  p l a u s i b l e  e x p l a n a t i o n s  o f  t h i s  r e l a -  
t i o n s h i p .  Those who a r e  e d u c a t e d  a r e  less l i k e l y  t o  depend upon 
f o l k  m e d i c i n e ,  which  may b e  n o t  o n l y  i n e f f e c t i v e  b u t  h a r m f u l .  
Bomgaars [ I91 r e p o r t s  t h a t  u n d e r n o u r i s h e d  b a b i e s  i n  N e p a l ,  whose 
c o n d i t i o n  i s  t h o u g h t  t o  b e  due  t o  t h e  s p e l l  c a s t  by p r e g n a n t  wo- 
men, a r e  t r a d i t i o n a l l y  t r e a t e d  w i t h  warm b a t h s ,  i n  s p i t e  o f  t h e  
f a c t  t h a t  e a s i l y  a v a i l a b l e  n a t i v e  f o o d s  a r e  h i g h l y  e f f e c t i v e  i n  
t r e a t i n g  t h e  c o n d i t i o n .  L i t e r a t e  p e r s o n s  a r e  a l s o  a b l e  t o  a v a i l  
t h e m s e l v e s  o f  modern t e c h n i q u e s  o f  c h i l d  c a r e .  
Ano the r  i n t r i g u i n g  e x p l a n a t i o n  i s  s u g g e s t e d  by t h e  work o f  
I n k e l e s  and  Smi th  [201.  They have  i d e n t i f i e d  a  f a i r l y  c o n s t a n t  
se t  o f  p e r s o n a l  c h a r a c t e r i s t i c s ,  which  t h e y  d e s c r i b e  a s  t h o s e  
o f  a  modern man, found  i n  s e v e r a l  d e v e l o p i n g  c o u n t r i e s .  T h e i r  
d e s c r i p t i o n  o f  such  a  p e r s o n  i s  a s  f o l l o w s :  "He i s  a n  in fo rmed  
p a r t i c i p a n t  c i t i z e n ;  h e  i s  h i g h l y  i n d e p e n d e n t  a@ autonomous i n  
h i s  r e l a t i o n s  t o  t r a d i t i o n a l  s o u r c e s  o f  i n f l u e n c e ,  e s p e c i a l l y  
when h e  i s  making b a s i c  d e c i s i o n s  a b o u t  how t o  c o n d u c t  h i s  p e r -  
s o n a l  a f f a i r s ;  and  he i s  r e a d y  f o r  new e x p e r i e n c e s  and  i d e a s ,  
t h a t  i s ,  h e  i s  r e l a t i v e l y  open  minded and  c o g n i t i v e l y  f l e x i b l e "  
They found t h a t  t h e  most i m p o r t a n t  e x p e r i e n c e  i n  producing mo- 
dernism i s  e d u a t i o n .  The s i g n i f i c a n c e  of  l i t e r a c y  may w e l l  be 
t h a t  it p r e s e n t s  a  proxy f o r  t h e  set  of  v a l u e s  and a t t i t u d e s  t o -  
wards l i f e  c a l l e d  modern, which may imply a  h e i g h t e n e d  concern  
f o r  h e a l t h  and s u r v i v a l  o f  t h e  i n f a n t .  Ohvjous ly ,  mechanisms 
u n d e r l y i n g  t h i s  r e l a t i o n s h i p  d e s e r v e  e x p l o r a t i o n .  One u s e f u l  
a r e a  may be  t h e  m a t t e r  o f  i n c r e a s e d  h a n d l i n g  and f o n d l i n g  o f  t h e  
c h i l d ,  shown i n  s o  many an imal  and human s t u d i e s  t o  have a  bene- 
f  i c a l  e f f e c t  on development .  
Whereas t h e  r e l a t i o n  of  m a t e r n a l  n u t r i t i o n  t o  pregnancy 
outcome remains  u n s e t t l e d  [21 , 2 2 ] ,  t h e r e  can  be l i t t l e  q u e s t i o n  
t h a t  m a l n u t r i t i o n  p l a y s  a  c r u c i a l  r o l e  i n  i n f a n t  m o r t a l i t y ,  
p a r t i c u l a r l y  i n  d e v e l o p i n g  c o u n t r i e s .  O f t e n ,  t h e  r o l e  o f  mal- 
n u t r i t i o n  i s  c o n c e a l e d  i n  v i t a l  s t a t i s t i c s  d a t a  by i n f e c t i o n s  
such 3s d i a r r h e a s  and pneunomias, which a r e  f a r  more common and 
s e v e r e  i n  t h e  malnour i shed  c h i l d .  S i m i l a r l y ,  t h e  r e s u l t a n t  i n -  
f e c t i o n  i s  l i k e l y  t o  a g g r a v a t e  t h e  l e v e l  of m a l n u t r i t i o n  [ 2 3 ] .  
Although d i e t a r y  p r o t e i n  r e q u i r e m e n t s  a r e  g i v e n  c a r e f u l  a t t e n -  
t i o n  by p e d i a t r i c i a n s ,  o u r  d a t a  show t o t a i  c a l o r i e s  t o  be a  more 
s i g n ~ f i c a n t  measure of  n u t r i t i o n a l  adequacy i n  n a t i o n a l  food 
s u p p l i e s  a s  measured by i n f a n t  m o r t a l i t y  r a t e s  t h a n  a r e  p r o t e i n  
c a l o r i e s .  Latham [241 p o i n t s  o u t  t h a t  t h e r e  h a s  been a n  o v e r -  
emphasis  on t h e  impor tance  of  d i e t a r y  p r o t e i n ,  s i n c e ,  when t h e  
s t a p l e  food i s  c e r e a l ,  p r o t e i n  d e f i c i e n c y  r a r e l y  o c c u r s  u n l e s s  
t h e r e  i s  a l s o  a  c a l o r i c  d e f i c i e n c y .  
Our a n a l y s e s  o f  n u t r i t i o n a l  d a t a  show h i g h  c o r r e l a t i o n s  
w i t h  r e d u c t i o n s  i n  i n f a n t  m o r t a l i t y .  Both t o t a l  c a l o r i e s  and 
p r o t e i n  c a l o r i e s  d e r i v e d  from animal  p r o t e i n  m a i n t a i n  t h e i r  
s t r o n g  c o r r e l a t i o n  i n  l o n g i t u d i n a l  a s  w e l l  a s  i n  c r o s s - s e c t i o n a l  
d a t a .  W e  a r e  r e l u c t a n t  t o  a t t r i b u t e  much o f  t h e  i n f a n t  m o r t a l i t y  
d e c l i n e  t o  t h i s  f a c t o r  s i n c e  we have s o  l i t t l e  e v i d e n c e  t h a t  
i n f a n t  n u t r i t i o n  r e l a t e s  d i r e c t l y  t o  a g g r e g a t e d  n a t i o n a l  d a t a .  
Fur the rmore ,  w e  have l o n g i t u d i n a l  n u t r i t i o n a l  d a t a  on  o n l y  a  
s m a l l  sample of  22 c o u n t r i e s .  
On t h e  o t h e r  hand,  examina t ion  of  n a t i o n a l  n u t r i t i o n a l  d a t a  
can  be  j u s t i f i e d  f o r  t h e  f o l l o w i n g  r e a s o n s .  Although t h e r e  a r e  
v e r y  few s u r v e y  d a t a  on  d i s t r i b u t i o n  o f  n u t r i t i o n a l  f a c t o r s  by 
a g e ,  o r  by economic s t a t u s  w i t h i n  n a t i o n s ,  t h e  d a t a  t h a t  do 
e x i s t  s u g g e s t  t h a t ,  i f  t h e r e  i s  n o t  enough food f o r  t h e  whole 
f a m i l y ,  t h e  working a d u l t s  t e n d  t o  t a k e  t h e  l a r g e s t  s h a r e  f o r  
themse lves  [251. Surveys  c a r r i e d  o u t  i n  N i g e r i a ,  Kenya, and 
Guatemala found t h a t  c h i l d r e n ' s  i n t a k e  o f  n u t r i e n t s  i s  n o t  
p r o p o r t i o n a l  t o  t h e  n u t r i e n t  s u p p l y  a v a i l a b l e  i n  t h e  household .  
C h i l d r e n  may a l s o  l o s e  t h e i r  a p p e t i t e ,  and t h e  e f f i c i e n c y  w i t h  
which t h e i r  b o d i e s  a r e  a b l e  t o  u t i l i z e  n u t r i e n t s  i s  reduced  due 
t o  i n f e c t i o n s .  O r  t h e y  may n o t  be a b l e  t o  e a t  enough o f  t h e  
monotonous bu lky  s t a p l e  food p rov ided  a t  t h e  one  o r  two major  
mea l s  s e r v e d  d u r i n g  t h e  day.  One a t t e m p t  t o  a d j u s t  e s t i m a t e s  
of  m a l n u t r i t i o n  f o r  m a l d i s t r i b u t i o n  of f o o d s t u f f s  w i t h i n  coun- 
t r ies  h a s  p roduced  a  much l a r g e r  e s t i m a t e  o f  m a l n u t r i t i o n  t h a n  
would b e  d e r i v e d  from m a l d i s t r i b u t i o n  o f  f o o d  among n a t i o n s  [ 2 6 ] .  
C r i t i c a l  t o  a n  e v a l u a t i o n  o f  i n f a n t  n u t r i t i o n  i s  a n  e s t i m a t e  
o f  weaning a g e .  The f r e q u e n c y  o f  m a l n u t r i t i o n  and  i n f e c t i o u s  
d i s e a s e  and  t h e  c o n s e q u e n t  r i s k  o f  d e a t h  i n c r e a s e  p r e c i p i t o u s l y  
f o l l o w i n g  weaning .  U n f o r t u n a t e l y ,  e a r l i e r  weaning i s  a p p a r e n t l y  
i n c r e a s i n g  t h r o u g h o u t  t h e  w o r l d .  P a r t i c i p a t i o n  o f  m o t h e r s  i n  
t h e  work f o r c e ,  u r b a n i z a t i o n ,  and  l i m i t a t i o n  o f  more a f f l u e n t  
c l a s s e s  s e e m  t o  u n d e r l i e  t h i s  phenomenon. I n  w e a l t h i e r  comrnuni- 
t i e s ,  f a m i l i e s  may s u b s t i t u t e  cow ' s  m i l k  and  an  o t h e r w i s e  ade-  
q u a t e  d i e t ,  w h e r e a s  p o o r e r  f a m i l i e s  c a n n o t  a f f o r d  t o  do s o .  
F o r  example ,  R e u t l i n g e r  and  Selowsky [26 ]  c a l c u l a t e  t h a t  t h e  un- 
s k i l l e d  work ing  mothe r  o f  a  newborn i n f a n t  i n  C a l c u t t a  mus t  
spend  o v e r  50 p e r c e n t  o f  h e r  income on  c o w ' s  m i l k  i f  s h e  i s  t o  
r e p l a c e  t h e  n u t r i t i o n a l  v a l u e  o f  h e r  own m i l k .  W e  c o n c l u d e  t h a t ,  
a l t h o u g h  t h e  d e m o n s t r a t e d  r e l a t i o n s h i p  between n a t i o n a l  food  
s u p p l i e s  and  i n f a n t  m o r t a l i t y  i s  s t r o n g ,  t h e r e  a r e  h i d d e n  i n t e r -  
v e n i n g  v a r i a b l e s  t h a t  a r e  o p e r a t i n g .  
Med ica l  C a r e  
The c o r r e l a t i o n  c o e f f i c i e n t s  o f  t h e  two m e d i c a l  v a r i a b l e s  
( p o p u l a t i o n  p e r  h o s p i t a l  bed  and  p e r  d o c t o r )  t o  i n f a n t  m o r t a l i t y  
w e r e  b o t h  h i g h ,  r = 0.86  a n d  0 . 8 9 ,  r e s p e c t i v e l y .  S t a t i s t i c a l  p e r -  
formance  o f  t h e s e  v a r i a b l e s  was o t h e r w i s e  weak. F o r  example ,  
t h e  c o r r e l a t i o n s  w i t h i n  p h a s e s  were  n o n s i g n i f i c a n t  or  i n  t h e  
wrong d i r e c t i o n  i n  7  o u t  o f  30 e s t i m a t e s .  F u r t h e r m o r e ,  t h e  
l o n g i t u d i n a l  a n a l y s i s ,  d e m o n s t r a t e d  n o n s i g n i f i c a n t  c o r r e l a t i o n s  
be tween  r e d u c t i o n s  i n  p o p u l a t i o n s  p e r  bed  o r  p e r  d o c t o r  and  i n -  
f a n t  m o r t a l i t y .  
T h e r e  a r e  a number o f  r e a s o n s  f o r  s c e p t i c i s m  r e g a r d i n g  
t h e  e f f e c t i v e n e s s  o f  t h e r a p e u t i c  s e r v i c e s  i n  r e d u c i n g  i n f a n t  
m o r t a l i t y  rates  i n  t h e  d e v e l o p i n g  c o u n t r i e s :  
- Examina t ion  o f  l o n g i t u d i n a l  t r e n d s  o f  i n f a n t  m o r t a l i t y  
i n  d e v e l o p e d  c o u n t r i e s  shows a  s t e a d y  d e c l i n e  b e g i n n i n g  
i n  t h e  e a r l y  p a r t  of t h i s  c e n t u r y .  S i n c e  t h e r e  was 
l i t t l e  i n  t h e  way o f  s p e c i f i c  t h e r a p y  a v a i l a b l e  i n  
ear l i e r  d e c a d e s ,  it i s  u n l i k e l y  L h a t  t h e r a p e u t i c  h e a l t h  
care c o u l d  have  e f f e c t i v e l y  c o n t r i b u t e d  t o  o b s e r v e d  de -  
c l i n e s  [ 2 7 ] .  
S i n c e  much o f  i n f a n t  m o r t a l i t y  beyond t h e  immedia te  neo-  
n a t a l  p e r i o d  i s  e n v i r o n m e n t a l  i n  o r i g i n ,  t h e r a p e u t i c  i n -  
t e r v e n t i o n s  a r e  n o t  l i k e l y  t o  b e  e f f e c t i v e .  F o r  example ,  
80 p e r c e n t  o f  c h i l d r e n  be tween  7 months  a n d  2 y e a r s  of 
a g e  a d m i t t e d  t o  a  Johannesburg  h o s p i t a l  w e r e  s i g n i f i -  
c a n t l y  m a l n o u r i s h e d  [ 2 8 ] .  A fo l low-up  o f  c h i l d r e n  hos-  
p i t a l i z e d  i n  I r a n  r e v e a l e d  t h a t  a t h i r d  had  s u b s e q u e n t l y  
d i e d  [291 .  F u r t h e r m o r e ,  few o f  t h o s e  who s u r v i v e d  had  
s i g n i f i c a n t l y  improved t h e i r  w e i g h t  r e l a t ive  t o  t h e i r  
a g e .  
- Examination o f  s p e c i f i c  c a u s e s  of  d e a t h  among i n f a n t s  
r e v e a l s  t h a t  i n  t h e  n e o n a t a l  p e r i o d  ( f i r s t  month) t h e r e  
a r e  a  v a r i e t y  o f  vague,  i l l - d e f i n e d  c o n d i t i o n s  and con- 
g e n i t a l  ma l fo rmat ions .  Only r a r e l y  a r e  t h e r e  r ecogn iz -  
a b l e  d e f e c t s  f o r  which c u r a t i v e  i n t e r v e n t i o n  i s  a v a i l -  
a b l e .  The v e r y  slow d e c l i n e  i n  i n f a n t  m o r t a l i t y  r a t e s  
i n  developed c o u n t r i e s  i s  a  r e f l e c t i o n  o f  t h i s .  Beyond 
t h e  n e o n a t a l  p e r i o d ,  i n f e c t i o n s  such a s  d i a r r h e a s  and 
pneumonias a r e  c o m p l i c a t i o n s  o f  o t h e r  u n d e r l y i n g  pa tho-  
l o g y ,  f r e q u e n t l y  m a l n u t r i t i o n .  S t u d i e s  have shown t h a t  
t h e  f requency  of  i n f e c t i o u s  d i s e a s e s  c a u s i n g  m o r t a l i t y  
among c h i l d r e n  show a  s i g n i f i c a n t  d e c l i n e  when n u t r i -  
t i o n a l  supplements  a r e  added [ 3 0 ] .  When b o t h  medica l  
c a r e  and n u t r i t i o n a l  supplements  w e r e  p rov ided  i n  an 
exper iment  i n  I n d i a ,  t h e  n u t r i t i o n a l  supplements  had 
t h e  major  impact  [ 3 1 ] .  
On t h e  o t h e r  hand,  s e v e r a l  i n v e s t i g a t o r s  have found s i g n i -  
f i c a n t  e f f e c t s  o f  a d e q u a t e  o b s t e t r i c  and p e d i a t r i c  c a r e  i n  t h e  
developed c o u n t r i e s  where t h e  major  problem o f  n u t r i t i o n  h a s  
been overcome. For  example,  it i s  e s t i m a t e d  t h a t  t h e  i n f a n t  
m o r t a l i t y  o f  21.9 p e r  3000 l i v e  b i r t h s  i n  N e w  York C i t y  (1968) 
cou ld  have  been reducsd  t o  14.7--a 33-percent  reduct ion--had 
a l l  p r e g n a n t  women r e c e i v e d  a d e q u a t e  c a r e  [ 3 2 ] .  Such s t u d i e s ,  
even when c o n t r o l l e d  f o r  socio-economic and m e d i c a l  v a r i a b l e s ,  
d e m o n s t r a t e  an  ef fec t  o f  m e d i c a l  c a r e  i n  r e d u c i n g  i n f a n t  morta-  
l i t y  r i s k .  I n  a n o t h e r  N e w  York s t u d y ,  it was concluded t h a t  75 
p e r c e n t  of  t h e  d e c l i n e  i n  i n f a n t  m o r t a l i t y  i n  t h e  p a s t  decade  
was due t o  spon taneous  r e d u c t i o n  i n  t h e  f r e q u e n c y  o f  h i g h - r i s k ,  
low-bi r th-weight  c h i l d r e n ,  and t h a t  o n l y  25 p e r c e n t  c o u l d  be  
a t t r i b u t e d  t o  m e d i c a l  c a r e  [ 3 3 ] .  Thus, w h i l e  i n  t h e  d e v e l o p i n g  
c o u n t r i e s  m e d i c a l  c a r e  a p p e a r s  t o  be  outweighed i n  impor tance  
by n u t r i t i o n ,  it may p l a y  some r o l e  i n  t h e  more developed coun- 
tr ies where n u t r i t i o n  i s  no l o n g e r  a  problem. 
U r b a n i z a t i o n  
U r b a n i z a t i o n  a p p e a r s  t o  be one  of  t h e  u n a l t e r a b l e  f e a t u r e s  
of economic development .  The p a t t e r n  of  u r b a n i z a t i o n  accompany- 
i n g  development  h a s  r e c e n t l y  been d e s c r i b e d  by Rogers [ 3 4 ] :  
- During t h e  i n i t i a l  p e r i o d  o f  c i t y  f o r m a t i o n  t h e  r a t e  
o f  urban growth i s  exceeded by t h e  r a t e  o f  r u r a l  growth.  
- A t  some p o i n t  i n  t h e  h i s t o r y  o f  t h e  n a t i o n  o r  r e g i o n  a  
r e v e r s a l  o c c u r s ,  and t h e  urban growth r a t e  o u t s t r i p s  t h e  
r a t e  o f  i n c r e a s e  o f  t h e  r u r a l  p o p u l a t i o n ,  t h e r e b y  hi- 
t a t i n g  t h e  growth o f  u r b a n i z a t i o n .  
- E v e n t u a l l y  a  " t u r n i n g  p o i n t "  i s  reached  a s  t h e  p r o p o r t i o n  
of  t h e  p o p u l a t i o n  t h a t  i s  urban  exceeds  50 p e r c e n t  f o r  
t h e  f i r s t  t i m e .  
- With t h e  c o n t i n u o u s  d e c l i n e  i n  a g r i c u l t u r e ' s  s h a r e  o f  t h e  
t o t a l  l a b o r  f o r c e ,  t h e  r u r a l  p o p u l a t i o n  c e a s e s  t o  grow 
and b e g i n s  t o  d e c l i n e  i n  number. 
- I n  t h e  l a t e  s t a t e s  o f  i n d u s t r i a l i z a t i o n ,  a  d e c e n t r a l i z a -  
t i o n  o c c u r s ,  p roduc ing  a  more d i s p e r s e d  p o p u l a t i o n .  
Al though u r b a n - r u r a l  m o r t a l i t y  r a t e s  have  o f t e n  d i f f e r e d ,  
t h e r e  h a s  been  no c o n s i s t e n t  r a t t e r n .  I n  S c a n d i n a v i a ,  u rban  i n -  
f a n t  d e a t h  r a t e s  w e r e  h i s t o r i c a l l y  a t  l eas t  50 p e r c e n t  g r e a t e r  
t h a n  r u r a l  i n f a n t  d e a t h  r a t e s .  T h a t  d i s c r e p a n c y  h a s  g r a d u a l l y  
d i s a p p e a r e d  a s  u r b a n  d e a t h  r a t e s  f e l l  more r a p i d l y  t h a n  d i d  r u -  
r a l  r a t e s ,  s o  t h a t  by 1960 t h e y  w e r e  i d e n t i c a l  [35]  . I n  t h e  de-  
v e l o p i n g  c o u n t r i e s  t o d a y ,  i n f a n t  m o r t a l i t y  a p p e a r s  t o  be  lower  
i n  c i t i e s  t h a n  i n  r u r a l  a r e a s .  T h i s  h a s  been shown i n  Sou th  
America,  A f r i c a ,  and  Mexico [ 3 6 ] .  C o n f l i c t i n g  d a t a  on  t h e  e f f e c t  
o f  u r b a n i z a t i o n  on  i n f a n t  m o r t a l i t y  c o u l d  w e l l  be  t h e  r e s u l t  o f  
a number o f  f a c t o r s  i n f l u e n c i n g  i n f a n t  m o r t a l i t y  i n  d i f f e r e n t  
d i r e c t i o n s :  c rowding ,  employment o f  women, a v a i l a b i l i t y  o f  m e -  
d i c a l  c a r e ,  and d i f f e r e n c e s  i n  weaning p r a c t i c e s .  
Role  o f  Economic Development 
E q u a t i o n  ( I ) ,  which i n c o r p o r a t e s  i n f o r m a t i o n  on  b o t h  se- 
c u l a r  and  economic f a c t o r s ,  a l l o w s  u s  t o  p r e d i c t  1970 i n f a n t  
m o r t a l i t y  l e v e l s  w i t h  a  h i g h  d e g r e e  of  a c c u r a c y  ( F i g u r e  5 ) .  
Almost h a l f  o f  t h e  d e c l i n e  c a n  b e  a t t r i b u t e d  t o  economic de-  
ve lopment ,  a s  r e f l e c t e d  by i n c r e a s e d  e n e r g y  consumpt ion ,  i n -  
c r e a s e d  l i t e r a c y ,  and  t h e i r  i n t e r a c t i o n .  The r e m a i n d e r  i s  un- 
e x p l a i n e d .  These  f i n d i n g s  c a n  be  compared w i t h  t h o s e  o f  
P r e s t o n  [37]  who s t u d i e d  t h e  e f f e c t  o f  economic development  a s  
measured  by GNP on  l o n g e v i t y  f rom b i r t h ,  a s t a t i s t i c  h i g h l y  c o r -  
r e l a t e d  w i t h  i n f a n t  m o r t a l i t y .  H e  e s t i m a t e d  t h a t  16 p e r c e n t  o f  
t h e  improvement i n  h e a l t h  f rom 1938 t o  1963 c o u l d  be  a t t r i b u t e d  
t o  economic f a c t o r s  p e r  se. 
A s  i n d i c a t e d  by t h e  r e l a t i o n s h i p  i m p l i e d  i n  E q u a t i o n  ( 1 )  
and g r a p h i c a l l y  shown i n  F i g u r e  4 ,  improvements i n  l i t e r a c y  
a n d / o r  economic development  a s  measured by e n e r g y  consumpt ion  
w i l l  t o  a  c e r t a i n  e x t e n t  s u b s t i t u t e  f o r  e a c h  o t h e r .  A few ex-  
treme examples  i l l u s t r a t e  t h e  p o i n t .  Over t h e  i n t e r v a l  1950- 
1970. O a t a r  i n c r e a s e d  i t s  p e r  c a p i t a  e n e r g y  consumpt ion  f rom 50 
t o  a l m o s t  10 ,000  k g c e ,  a  200-fo ld  i n c r e a s e .  L i t e r a c y  r a t e s  i n -  
c r e a s e d  from a n  e s t i m a t e d  2.5 p e r c e n t  t o  -12.5 p e r c e n t  i n  1970.  
S u b s t i t u t i n g  i n  E q u a t i o n  ( I ) ,  t h e  p r e d i c t e d  d e c l i n e s  i n  i n f a n t  
m o r t a l i t y  w e r e  3 . 8 ,  22 .6 ,  and  29.7 from l i t e r a c y  i n c r e a s e ,  e n e r -  
gy  i n c r e a s e ,  and  t h e i r  i n t e r a c t i o n ,  r e s p e c t i v e l y ;  a  t o t a l  o f  
56.1 p e r  1000 l i v e  b i r t h s .  The o b s e r v e d  d e c l i n e  was ,  i n  f a c t ,  
a n  e s t i m a t e d  62 ( f rom 200 t o  1 3 8 ) .  A t  t h e  o t h e r  e x t r e m e  a r e  
t h e  8  c o u n t r i e s  i n  Phase  I I a  ( F i g u r e  5 )  f o r  whom improvement i n  
l i t e r a c y  c o n t r i b u t e d  more t o  r e d u c t i o n  o f  i n f a n t  m o r t a l i t y  t h a n  
d i d  economic deve lopmen t ,  b u t  s t i l l  n o t  as  much a s  d i d  o t h e r  un- 
e x p l a i n e d  f a c t o r s .  
I n  c o n c l u s i o n ,  w e  have  i d e n t i f i e d  two f a c t o r s  t h a t  have  
had a  power fu l  e f f e c t  o n  r e d u c i n g  i n f a n t  m o r t a l i t y  r a t e s  t h rough-  
a u t  t h e  w o r l d .  One o f  t h e s e  i s  c l o s e l y  r e l a t e d  t o  economic de-  
ve lopment  a s  measured by a n  i n d e x  combining n a t i o n a l  e n e r g y  con-  
sumption a n d , l i t e r a c y  r a t e s .  Of t h e  i n d i v i d u a l  f a c t o r s  c o n t r i -  
b u t i n g  t o  t h i s  e f f e c t ,  e d u c a t i o n  i s  t h e  most  power fu l  v a r i a b l e  
i d e n t i f i e d .  The o t h e r  f a c t o r ,  u n r e l a t e d  t o  economic develop-  
ment and o p e r a t i n g  u n i v e r s a l l y ,  a c c o u n t s  f o r  a t  l e a s t  50 p e r c e n t  
o f  t h e  d e c l i n e  i n  i n f a n t  d e a t h  r a t e s .  P l a u s i b l e  c o n j e c t u r e s  ex-  
p l a i n i n g  t h i s  phenomenon a r e  a  n a t u r a l  d e c r e a s e  i n  t h e  v i r u l e n c e  
of i n f e c t i o u s  d i s e a s e ,  a n  i n c r e a s e  i n  human r e s i s t a n c e ,  o r  bo th .  
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